Background
==========

Acute pancreatitis (AP) is a common inflammatory disorder in the pancreas, with high mortality. The incidence of AP has increased significantly in recent years \[[@b1-medscimonit-24-3204],[@b2-medscimonit-24-3204]\]. AP may be caused by generalized inflammation due to sepsis \[[@b3-medscimonit-24-3204],[@b4-medscimonit-24-3204]\]. There are various risk factors for AP, such as alcohol abuse, gallstones, drugs, surgical procedures, infectious agents, and lipid metabolic disorders. AP is one of the leading cause of hospital stays \[[@b2-medscimonit-24-3204]\]. However, the exact mechanisms underlying the progression of AP and its complications are not fully clear. AP usually causes systemic inflammation response syndrome and multiple-organ injuries, and AP-induced myocardial injury is one of the leading causes of mortality \[[@b5-medscimonit-24-3204],[@b6-medscimonit-24-3204]\]. The mechanism and pathogenesis of AP-induced myocardial injury are of great importance in clinical treatments. Moreover, cardiac troponin I (cTnI) \[[@b7-medscimonit-24-3204]\], creatine kinase-KB isoenzyme (CK-MB) \[[@b8-medscimonit-24-3204]\], and lactate dehydrogenase 1 (LDH1) \[[@b9-medscimonit-24-3204]\] are early makers of myocardial injury.

A recent study reported that the occurrence of AP is closely related with pro-inflammatory response \[[@b10-medscimonit-24-3204]\]. Tumor necrosis factor (TNF)-α and interleukin (IL)-6 are important pro-inflammatory mediators, which causing a generalized inflammatory response \[[@b11-medscimonit-24-3204]\]. Nuclear factor-kappa B (NF-κB) p65 is a major factor in gene transcription, its activation upregulates the level of inflammatory factors, thus promoting the occurrence and development of gastrointestinal diseases \[[@b12-medscimonit-24-3204]\].

The steroid receptor coactivator (SRC) family consists of three homologous members (SRC-1, SRC-2, and SRC-3), which are important regulators for steroid hormones and mitogenic activity \[[@b13-medscimonit-24-3204]\]. SRC-interacting protein (SIP) interacts with SRC coactivators in the cytoplasm and regulates the transactivation activity of SRC in the nucleus \[[@b14-medscimonit-24-3204]\].

In the present study, we established AP cell models with caerulein. First, the levels of cTnI, CK-MB, and LDH1 were measured for the rapid diagnosis of acute myocardial injury. Then the cells were non-transfected or transfected with SIP plasmids or SIP siRNA. ELISA assay, qRT-PCR, and western blot analysis were performed to detect the expression levels of pro-inflammatory mediators (TNF-α and IL-6) with the aim to investigate the influence of SIP on inflammatory reaction and myocardial injury in AP cell models.

Material and Methods
====================

Cell culture and treatment
--------------------------

The rat pancreatic acinar tumor cell line AR42J was purchased from the American Type Culture Collection (ATCC, Rockville, MD, USA). Cells were cultured in RPMI 1640 medium supplemented with 10% fetal calf serum (FCS) at 37°C in a 5% CO~2~, 95% air atmosphere. Subsequently, the cells were treated with 100 nM caerulein to establish cell models for AP \[[@b15-medscimonit-24-3204]\], while cells in the normal control (NC) group were cultured with DMEM containing 10% FCS.

Transfection
------------

After treatment, AR42J cells were non-transfected or transfected with SIP plasmids or SIP siRNA using Lipofectamine™ 2000 (Life Technologies, Rockville, MD, USA) following manufacturer's instructions. Con plasmids or Con siRNA was used as the negative control.

ELISA
-----

The levels of TNF-α, IL-6, cTnI, CK-MB, and LDH1 in cell cultures of different groups were measured with TNF-α, IL-6, cTnI, CK-MB, and LDH1 ELISA kits (Nanjing Jiancheng Bioengineering Institute, Nanjing, China) according to manufacturer's instructions.

Quantitative real-time PCR (qRT-PCR)
------------------------------------

Total RNA was extracted using TRIzol reagent (Invitrogen, Carlsbad, CA, USA) and reverse-transcribed into complementary DNA (cDNA) by using PrimeScript™ RT reagent Kit (Perfect Real Time) (Takara Biomedical Technology (Beijing) Co., Ltd., Beijing, China) according to manufacturer's instructions, respectively. Then, qRT-PCR was performed using One Step SYBR^®^ PrimeScript™ RT-PCR Kit (Perfect Real Time) (Takara Biomedical Technology (Beijing) Co., Ltd., Beijing, China) following manufacturer's instructions. The expression levels of SIP and p65 mRNA were normalized to glyceraldehyde-3-phosphate dehydrogenase (GAPDH). Relative quantiﬁcation of SIP and p65 mRNA expression was performed using the 2^−ΔΔCt^ calculations. The amplification conditions were as follows: Initial activation at 95°C for 10 minutes, followed by 40 amplification cycles of denaturation at 95°C for 30 seconds, annealing at 55°C for 30 seconds, and extension at 72°C for 30 seconds. The following primers were used:

1.  SIP, 5′-CCCAGAAGTTCCTGCCGAAT-3′,

2.  5′-GACTCTTGGGAGGCTGCTTG-3′;

3.  p65, 5′-CATACGCTGACCCTAGCCTG-3′,

4.  5′-TTTCTTCAATCCGGTGGCGA-3′;

5.  GAPDH, 5′-TTCACCACCATGGAGAAGGC -3′,

6.  5′-TTCTGAGTGGCAGTGATGGC -3′.

Western blot analysis
---------------------

Total protein was lysed in PIPA lysis buffer (Thermo Scientific) on ice for 30 minutes. The lysates were centrifuged at 12,000 rpm for 30 minutes at 4°C. Protein concentration was determined by using a BCA protein assay kit (Beyotime, Shanghai, China). Equal amounts of protein (20 μg) were separated in a 12% sodium dodecyl sulfate polyacrylamide gel electrophoresis (SDS-PAGE) gel and transferred to polyvinylidene fluoride (PVDF) membranes (Millipore). Then the membranes were blocked with 5% bovine serum albumin (BSA) at room temperature for one hour and incubated with primary antibodies (SIP, 1: 1,000, ab167084; p65, 1: 1,000, ab16502; p-p65,1: 1,000, ab6503; GAPDH, 1: 1,000, ab9485; Abcam, USA) at 4°C overnight. Afterwards, the membranes were washed with TBST and incubated with horseradish peroxidase (HRP)-conjugated secondary antibodies at room temperature for one hour. The bands were detected by an enhanced chemiluminescence (ECL) kit (Beyotime, Shanghai, China). Grey levels of the bands were quantified with Quantity One software (Bio-Rad).

Statistical analysis
--------------------

All data were expressed as means ±SD and analyzed by one-way analysis of variance (ANOVA) and Student's*t*-tests. Statistical analysis was performed by SPSS 20.0. A value of *p*\<0.05 was considered significant.

Results
=======

Establishment of AP cell models
-------------------------------

To establish the AP cell models, AR42J cells were treated with caerulein. After treatment, the levels of TNF-α, IL-6, cTnI, CK-MB, and LDH1 in cell cultures were determined by ELISA assay. As shown in [Figure 1](#f1-medscimonit-24-3204){ref-type="fig"}, the levels of TNF-α, IL-6, cTnI, CK-MB, and LDH1 were significantly increased in the AP cell models compared with the NC group.

Meanwhile, the expression of SIP, p-p65, and p65 were measured by qRT-PCR and western blot analysis, respectively. The results of qRT-PCR showed that the expression of SIP mRNA in cells was upregulated after treatment with caerulein ([Figure 2A](#f2-medscimonit-24-3204){ref-type="fig"}). The results of western blot analysis showed that the expression of SIP, p-p65 protein in cells was upregulated after treatment with caerulein ([Figure 2B, 2C](#f2-medscimonit-24-3204){ref-type="fig"}). However, there was no significant difference in the expression of p65 after treatment ([Figure 2](#f2-medscimonit-24-3204){ref-type="fig"}).

These results indicated that the AP cell models were successfully established.

SIP plasmid represses myocardial injury caused by AP
----------------------------------------------------

The AP cell models were non-transfected or transfected with SIP plasmid. As shown in [Figure 3](#f3-medscimonit-24-3204){ref-type="fig"}, the mRNA and protein expression levels of SIP were significantly higher after transfection. Overexpression of SIP attenuated the expression of p-p65 protein in the AP cell models ([Figure 3B, 3C](#f3-medscimonit-24-3204){ref-type="fig"}). There was no significant difference in the expression of p65 after transfection ([Figure 3](#f3-medscimonit-24-3204){ref-type="fig"}).

After transfection, the levels of TNF-α, IL-6, cTnI, CK-MB, and LDH1 in cell cultures were determined by ELISA assay. As shown in [Figure 4](#f4-medscimonit-24-3204){ref-type="fig"}, SIP overexpression significantly decreased the levels of TNF-α, IL-6, cTnI, CK-MB, and LDH1 in the AP cell models.

These results showed that SIP plasmid decreased the levels of TNF-α, IL-6, cTnI, CK-MB, LDH1, and p-p65. These data indicated that SIP may repress myocardial injury caused by AP through interacting with p65.

SIP siRNA aggravates myocardial injury caused by AP
---------------------------------------------------

The AP cell models were non-transfected or transfected with SIP siRNA. As shown in [Figure 5](#f5-medscimonit-24-3204){ref-type="fig"}, the mRNA and protein expression levels of SIP were significantly lower after transfection. Inhibition of SIP increased the expression of p-p65 protein in the AP cell models ([Figure 5B, 5C](#f5-medscimonit-24-3204){ref-type="fig"}). However, there was no significant difference in the expression of p65 after transfection ([Figure 5](#f5-medscimonit-24-3204){ref-type="fig"}).

After transfection, the levels of TNF-α, IL-6, cTnI, CK-MB, and LDH1 in cell cultures were determined by ELISA assay. As shown in [Figure 6](#f6-medscimonit-24-3204){ref-type="fig"}, inhibition of SIP significantly increased the levels of TNF-α, IL-6, cTnI, CK-MB, and LDH1 in the AP cell models.

These results showed that SIP plasmid increased the levels of TNF-α, IL-6, cTnI, CK-MB, LDH1, and p-p65. These data confirmed that SIP can repress myocardial injury caused by AP through interacting with p65.

Discussion
==========

AP is an acute inflammatory process in the pancreas that frequently leads to local and systemic complications. The mortality of AP is due to multiple systemic organ failure and death triggered by the associated systemic inflammatory response \[[@b2-medscimonit-24-3204]\]. Myocardial injury induced by AP is one of the leading causes of mortality \[[@b6-medscimonit-24-3204]\]. In this study, we treated cells with caerulein to establish the AP cell models. Specific markers for the diagnosis of myocardial injury are cTnI, CK-MB, and LDH1 \[[@b16-medscimonit-24-3204],[@b17-medscimonit-24-3204]\]. The results of our ELISA assay showed that the levels of cTnI, CK-MB, and LDH1 were significantly increased in the AP cell models. These data indicated that the AP cell models induced myocardial injury, thus, the models were successfully established.

Inflammatory mediators (e.g., TNF-α and IL-6) play important roles in the development and progression of AP and are closely related to complications \[[@b18-medscimonit-24-3204]\]. TNF-α is mainly secreted by activated mononuclear macrophages, as a promoter of cytokine cascades with multiple biological effects \[[@b19-medscimonit-24-3204]\]. Intestinal diseases can promote the expression of proinflammatory cytokines, and TNF-α is an important inflammatory transmitter that plays a very important role in the initiation and maintenance of intestinal inflammation \[[@b20-medscimonit-24-3204]\]. TNF-α can induce the production and release of other proinflammatory cytokines such as IL-1 and IL-8, leading to cascade reactions and further amplification of the initial inflammatory signal \[[@b21-medscimonit-24-3204]\]. IL-6 is secreted by T cells and macrophages, acts as both a pro-inflammatory cytokine and an anti-inflammatory myokine \[[@b22-medscimonit-24-3204]\]. In our study, the levels of TNF-α and IL-6 in the AP cell models were significantly upregulated compared to those in the NC group. These results confirmed that TNF-α and IL-6 may be associated with the development of AP.

The regulation of TNF-α is closely associated with NF-κB. NF-κB is active by extracellular signals, enhancing the gene transcription of TNF-α and promoting the expression of TNF-α; subsequently TNF-α actives NF-κB by positive feedback mechanism, further increasing the secretion of TNF-α \[[@b21-medscimonit-24-3204]\]. NF-κB is a protein complex that regulates DNA transcription, cytokine production, and cell survival. There are five proteins in the mammalian NF-κB family: NF-κB1, NF-κB2, RelA (p65), RelB, and c-Rel \[[@b23-medscimonit-24-3204]\]. SIP is a steroid receptor coactivator that interacts with p65 to inhibit p65 activation. In the AP cell models, the mRNA and protein expression levels of SIP were markedly reduced, meanwhile the protein expression levels of p-p65 were significantly increased. The AP cell models were non-transfected or transfected with SIP plasmids or SIP siRNA in order to investigate the role of SIP on AP-induced myocardial injury through interactions with p65.

In the present study, overexpression of SIP inhibited the protein expression levels of p-p65, however, inhibition of SIP promoted the protein expression levels of p-p65. These results proved that SIP may inhibit the activation of p65 in cells. On the other hand, overexpression of SIP reduced the levels of TNF-α, IL-6, cTnI, CK-MB, and LDH1. These results indicated that SIP may inhibit the inflammatory reaction and relieve myocardial injury induced by AP. Furthermore, SIP siRNA upregulated the levels of TNF-α, IL-6, cTnI, CK-MB, and LDH1. These results showed that SIP may inhibit the inflammatory reaction and relieve myocardial injury induced by AP.

Conclusions
===========

In conclusion, our study results suggested that SIP interacts with p65 to inhibit the activation of p65 in order to inhibit the inflammatory response and to reduce the myocardial damage in the AP cell models.
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![Effects of caerulein on the levels of TNF-α, IL-6, cTn1, CK-MB, and LDH1. AR42J cells were treated with 100 nM caerulein. ELISA assay was performed to detect the levels of TNF-α, IL-6, cTn1, CK-MB, and LDH1. \*\* *p*\<0.01.](medscimonit-24-3204-g001){#f1-medscimonit-24-3204}

![Effects of caerulein on the expression of SIP, p-p65, and p65. AR42J cells were treated with 100 nM caerulein. (**A**) qRT-PCR was performed to measure the expression of SIP and p65. (**B, C**) Western blot analysis was performed to measure the expression of SIP, p-p65, and p65. \*\* *p*\<0.01.](medscimonit-24-3204-g002){#f2-medscimonit-24-3204}

![Effects of SIP plasmids on the expression of SIP, p-p65, and p65. AP cell models were transfected with SIP plasmids. (**A**) qRT-PCR was performed to measure the expression of SIP and p65. \*\* *p*\<0.01. (**B, C**) Western blot analysis was performed to measure the expression of SIP, p-p65, and p65. \*\* *p*\<0.01.](medscimonit-24-3204-g003){#f3-medscimonit-24-3204}
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![Effects of SIP siRNA on the levels of TNF-α, IL-6, cTn1, CK-MB, and LDH1. AP cell models were transfected with SIP siRNA. ELISA assay was performed to detect the levels of TNF-α, IL-6, cTn1, CK-MB and LDH1. \*\* *p*\<0.01.](medscimonit-24-3204-g006){#f6-medscimonit-24-3204}
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